Cryotherapy, first advocated by Bietti (I933), has been widely accepted as a useful means of achieving adhesion in the treatment of retinal detachment. It was later popularised by Lincoff, McLean, and Nano (i964), who subsequently used this form of treatment in their modifications of the Custodis procedure for the treatment of retinal detachment (Lincoff, Baras, and McLean, I965).
operative period was described by Lincoff and McLean (I966) and Abraham and Shea (i 968) .
The purpose of this study was to observe the incidence and clinical features of pigment fallout and postoperative uveitis, and to study the relationship of these complications to the severity of cryoapplication.
Materials and methods
i6o consecutive patients admitted to the Retinal Unit at Moorfields Eye Hospital, City Road, for retinal detachment surgery were studied. Those receiving prophylactic treatment only were not considered. In all cases cryotherapy was applied through full-thickness sclera.
The fundus was examined by direct and indirect ophthalmoscopy, scleral depression, and 3-mirror gonioscopy. The details were recorded with retinal drawings and in certain cases with paintings and photography. The depth of subretinal fluid at the site of the retinal holes and therefore the intended site of cryotherapy was expressed as balloon, moderate, or slight. The amount of retina to be treated with cryotherapy was expressed as more or less than half a quadrant. Any abnormal preoperative pigmentation of the retina was noted (e.g. pigmented lattice degeneration).
In all cases the Amoils or Amoilette cryotherapy apparatus was used at the time of surgery and cryotherapy was applied before drainage of subretinal fluid and tightening of the buckle sutures. The retina, and in particular the area treated with cryotherapy, was examined with indirect ophthalmoscopy and slit-lamp illumination postoperatively every second day until discharge from hospital 10 to 14 days after surgery. Patients with complications were followed until a final assessment of the treated area was made 2 months after surgery.
An additional group of fifty patients in whom no pigment fallout or postoperative uveitis had occurred, was studied 2 months after retinal detachment surgery. Lincoff and McLean (I969) showed that the degree of pigmentation of a lesion in rabbits after cryotherapy was proportional to the intensity of application. Clinical examination of the human retina after cryotherapy shows comparable changes, a mild application leading to evenly distributed pigmentation of the treated area and a heavy application leading to a highly atrophic lesion, with clumped pigmentation at the edges. The lesion is white because of destruction of most of the choroidal bloodvessels, only the large vessels being left intact.
Pigment fallout and uveitis qfter cryotherapy
The varying appearance of the treated area has been classified to assess the degree of cryotherapy application (Fig. I ). All lesions were classified 2 months after surgery (Chignell, Revie, and Clemett, 1971 Grade II Scattered irregular pigmentation with a paler lesion.
Grade III White atrophic scar with variable pigment clumping at the edge of the lesion.
A mixture of grades may be found in any one treated area. There is no evidence to suggest that the production of a Grade III lesion is necessary to achieve good adhesion.
POSTOPERATIVE UVEITIS
Patients who had been treated with surgery involving either drainage of subretinal fluid or encirclement were not considered. In these cases interpretation of physical signs, such as flare and cells in the anterior chamber and vitreous haze, is difficult in the postoperative period. These signs may be produced to a lesser or greater extent by varying degrees of anterior segment ischaemia (Crock, I 967) after encirclement procedures, or by complications after drainage of subretinal fluid (e.g. hypotony, choroidal haemorrhage, and bacterial endophthalmitis).
Results

PIGMENT FALLOUT
Nineteen patients (12 per cent. of the i6o studied) showed evidence of pigment fallout. In all cases pigment fallout occurred by spread within the subretinal fluid. Although spread to the vitreous occurs via the retinal holes (Sudarsky and Yannuzzi, I970) , no cases of pigment fallout due to the precipitation of pigment from the vitreous on previously undetached retina were seen in this study. The fallout of pigment was either linear (Fig. 2) because of gravitational deposition in the supine eye, and corresponding to the posterior limit of the detachment, or occurred in a more generalized way (Fig. 3) .
The pigment was either fine or coarse, but mixed appearances were seen. Preoperative retinal pigmentation was assessed in these nineteen cases and was found to be present in eight of them. Two showed pigmented lattice degeneration, five pigmented cobblestone degeneration, and one marked high-water marking from a long-standing retinal detachment. The appearance of the treated area 2 months after surgery in the nineteen cases of pigment fallout is shown in Table I . The appearance of the cryotherapy lesion in the separate group of fifty patients studied after retinal detachment surgery who did not suffer either pigment fallout or postoperative uveitis is shown in Table II . The depth of subretinal fluid over the site of cryotherapy and the amount of retina treated in the nineteen cases of pigment fallout and the respective observations for the remaining I41 out of the total of 6o patients are summarized in Table III . The 14I patients not suffering fallout were comparable to the fallout group in age, sex, and duration of detachment. Table IV shows that fourteen patients had preoperative detachment of the macula; seven suffered pigment fallout at the macula and seven did not. Four patients in whom there had been fallout at the macula showed no postoperative improvement in visual acuity.
Comment
In assessing the appearance of the treated area 2 months after surgery it was found that x58 group.bmj.com on October 21, 2017 -Published by http://bjo.bmj.com/ Downloaded from Table II shows that Grade 3 lesions were produced in only three (6 per cent.) of the fifty that had not suffered pigment fallout or postoperative uveitis, and the difference between the two groups is significant (P < o oo I ).
Thus the production of a Grade 3 lesion may be associated with pigment fallout and represents excessive treatment. It was found that two main clinical factors contributed to the production of over-treatment with cryotherapy-the depth of subretinal fluid at the site of cryotherapy and the amount of retina to be treated. Subretinal fluid depth at the site of cryotherapy is useful as a guide to the difficulty in detecting the effect ofcryotherapy when observed at operation with the indirect ophthalmoscope. Of the nineteen cases of pigment fallout, none had only slight subretinal fluid (Table III) . In the remaining I4I cases that did not suffer fallout, forty (28 per cent.) had slight subretiiial fluid (Table III) . This difference is significant (P >o.ooi). Minimal subretinal fluid facilitates apposition of the detached part of the retina to the pigment epithelium layer by cryoprobe indentation at operation and makes for easy direct observation of the 'end-point' which, provided there is apposition, is taken as the first distinct whiteness of the retina. In this situation over-treatment is less likely to occur. Greater amounts of subretinal fluid make apposition difficult or impossible (Fig. 4) and observation of the endpoint more difficult. If apposition is not possible then the end-point is taken as the subtle blanching of the choroid, seen through the detached part of the retina and subretinal fluid. If distinct whiteness of the detached part of the retina is waited for, then xsg9 group.bmj.com on October 21, 2017 -Published by http://bjo.bmj.com/ Downloaded from A. H. Chignell, R. S. Clemett, and L H. S. Revie F I G. 4 In the presence of slight subretinal fluid apposition between detached retina and pigment epithelium is possible with cryoprobe indentation (Diagram I), whereas with large amounts of subretinalfluid (DiagraM 2) apposition is impossible overfreezing of the pigment epithelium may occur and result in pigment explosion and fallout.
Treatment of large areas of retina results in a greater incidence of pigment fallout. Twelve (63 per cent.) of the patients with fallout had more than half a quadrant treated, whereas in the remaining I4I not suffering fallout only thirty (2I per cent.) had more than half a quadrant treated; this difference is significant (P<o.ooi). The greater incidence of pigment fallout arising when large areas of the retina are treated may be due to the tendency to freeze the same area of retina more than once. Retinal landmarks (e.g. bloodvessels) may be used to minimize refreezing. in an attempt to separate one application of cryotherapy from the one before, but this is also particularly difficult when there is a considerable depth of subretinal fluid. (Fig. 5 ) occurred in seven of the fourteen cases in which the preoperative detachment involved the macula. This high incidence apparently occurred because the macula is the mosi dependent part of the eye in the supine patient at operation. The extent of recovery of macular function, as expressed in terms of the visual acuity, is always unpredictable when the macula has been detached, but when pigment fallout involves the macula the visualacuity maybe further depressed. There was noevidence that fundi which already had evidence of pigment epithelium proliferation (e.g. pigmented lattice degeneration) showed any greater tendency to develop pigment fallout.
POSTOPERATIVE UVEITIS
In this part of the study the sixty cases of retinal detachment treated by local plombage and cryotherapy without drainage of subretinal fluid were studied. Seven cases (I2 per cent.) developed marked postoperative uveitis. Preoperatively six cases had ballooned retinal detachments.
Symptoms and signs
Details of the seven cases are summarised in Table V (overleaf).
All the patients enjoyed an uneventful few days postoperatively with no more than the usual slight discomfort associated with the operative procedure. However, retinal whitening following cryotherapy, usually seen for only the first I or 2 postoperative days, was sustained for 3 or 4 days after operation. On the 5th to 8th postoperative day the symptoms and signs of a uveitis appeared. Pain was usually quite severe with flare and cells appearing in the anterior chamber. Vitreous haze was found situated over the plomb (Fig. 6 ) and in two cases (2 and 5) the haze became generalized. Preoperative cultures were sterile in all cases. In four in which a postoperative conjunctival culture was taken no growth was found. In the only case which was explored (Case 5), Staph. aureus (coagulase-positive) was isolated from the plomb which was removed at operation. In this case the underlying sclera was found to be completely normal. In no case was there a mucopurulent discharge.
When these patients were re-examined 2 months after operation all were found to have treated areas corresponding to Grade 3 (Fig. 7, overleaf) . steroids, which although they improved the anterior uveitis had little effect on the vitreous haze. Case 2 at first received local steroids only but systemic steroids were added after I week and these resulted in rapid resolution of both anterior and posterior uveitis. In the cases treated with both systemic and local steroids (Cases I, 2, 5, and 6), the symptoms and signs had totally resolved 6 weeks from the time of operation. In cases treated with local steroids only (Cases, 3, 4, and 7), resolution took between 8 and I2 weeks.
Differential diagnosis
The uveitis produced does not appear to be of infective origin. Scleral abscess, which was associated with diathermy (Lincoff, McLean, and Nano, I965) and resulted in a purulent endophthalmitis, has not been seen since the introduction of cryotherapy. Lincoff, Nadel, and O'Connor (1970) indicated that the infected scleral implant is not an acute condition and although the eye was red and irritable in the postoperative period the earliest time of discovery was 2 weeks. Discharge occurred from the site of the implant and positive conjunctival cultures were usually obtained but signs of intraocular involvement were rarely seen. Treatment consisted of removal of the implant.
A mild transient sterile uveitis is often found after long and complicated detachment procedures; generalized vitreous haze and a few cells in the anterior chamber are found on the first or second postoperative day but the signs usually improve rapidly in the first postoperative week. 
